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The first example of ligand-enabled C(sps)-H alkynylation of 8-
methylquinoline is reported. The reaction is catalysed by the well-
defined Pd(ll)-complexes. The present C(spa)-alkynylation has a
broad substrate scope as well as functional group tolerance and
proceed efficiently under mild conditions.

Catalysts based direct activation of C-H bonds provides a
sustainable and an atom-economical synthetic strategy to
diverse organic molecules from simple, pre-functionalized
substrates. The selection of ligands is very crucial in the design
Ligands would alter the
electronic and steric properties of the active catalyst and thus
they could
successive bond forming reactions. Although, ligand-enabled

of such active catalytic systems.

significantly accelerate C-H activation and
C(spg)—H activation has emerged as a powerful tool for rapid,
straightforward construction of the carbon-carbon and the
carbon-heteroatom bonds, there still remains a significant
challenge in the field of C(sp3)—H activation.”

Development of the catalytic systems for direct conversion of
inert C-H bonds into the C-alkynyl bonds is very attractive,
simplest, and sustainable method as the alkyne moiety is of
significant importance for various organic transformations
including cycloaddition,
addition, alkynes are excellent building blocks in synthetic

metathesis, click reaction etc.® In
chemistry and in material science and they are also a common
motif in drugs.4 Despite a number of reports concerning
transition-metal catalysed C(spz)—H alkynylation |'eat:tions,5'6
methods to convert C(sp3)—H bonds to C(sp3)—a|kyny| bonds
remain extremely rare.”” To date, there are only two reports
describing the C-H alkynylation of inert C(sp3)—H bonds. The
first example was reported by Chatani and his co-workers by
chelate assisted strategy using the pre-installed bi-dentate
ligand under Pd(Il)/Pd(IV) catalysis (Scheme la).7 Another
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example of Pd(0)/N-heterocyclic carbene (NHC) and Pd(0)/PR3-
catalyzed alkynylation of B-C(sp3)-H bonds using an N-
arylamide auxiliary was reported by research group of Yu
(Scheme 1b).*
of 8-methylquinoline several transition-metal catalyzed C(sp3)-

In recent times, due to cyclometalation ability

H bond activation of 8-methylquinoline has been reported by
Very rhodium(lll)-catalyzed
C(sp3)-alkenylation of 8-methylquinolines with internal alkynes
has been reported.8u However, to the best of our knowledge,
there is no report describing the C(sp3)-alkynylation of 8-
methylquinolines. Inspired by these studies, we were
motivated to examine the possibility of C(sp3)-H alkynylation of
8-methylquinoline 1a using (triisopropylsilyl)ethynyl bromide 2
as an alkyne coupling partner. Herein, we report the first
example of C(sp3)-H alkynylation of 8-methylquinolines
catalysed by well-defined palladium complexes (Scheme 1c).

. 8-9
various groups. recently, a

Notably, this reaction is enabled by neocuproine ligand to
enhance the catalytic activity of active Pd(ll) species. The
present transformation has broad substrate scope, functional
group tolerance and proceed efficiently under mild conditions.
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Scheme 1. Direct conversion of inert C(spz)—H bonds into C(sp3)-alkynyl bonds.

[(nc)Pd(OAc)2]
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Initial experiments were performed with 8-methylquinoline
(1a) and TIPS-alkynyl bromide (2) in the presence of 10 mol%
Pd(OAc),, 20 mol% Ac-Gly-OH (L1) as the catalytic system and
2 equiv. of Cu(OAc), as an oxidant at 80 °C in toluene afforded
the C(sp3)-alkynylated product 3a only in 11% vyield. With the
preliminary results in hand, we were interested to investigate
a more appropriate ligand that can potentially improve the
yield of the reaction. Yu and his co-workers observed that the
pyridine- and quinoline-based ligands are good commodities
for C(sp3)-H activation.?®*? Thus a tool-box of ligands were
tested for the C(sp3)-H alkynylation reaction of 1a.
Importantly, pyridine and quinoline-based ligands have no
effects on alkynylation reaction and 1,10-phenanthroline-

based ligands have improved this transformation (Table 1).
Table 1. Screening of ligands for C(spa)—alkynylation.”’b

TIPS
H Pd(OAC), (10 mol%)
Ligand (20 mol%)
Ny _ Cu(OAG), @ equiv)
| + TIPS——Br
= Toluene, 80 °C, 5 h
1a 2
i A A N
no ligand HaC” "N CoH L | |
H Me Me” N7 "M
L1 L2 L3 L4
0% 1% 0% 0% 0%
NMe,
L5 L8
0% 0% 0% 5%

Bu Bu Ph Ph
7 N\ 4 N\ 4 N\
=N N= =N N= =N N=

L9 L10 L12

% 18% 17% (12%)1!
>/:\< Me CI :< :

L13 L15 L16
22% 8% 25% (18%)!°! 37% (26%)!°!

“ Reaction conditions: 1a (0.1 mmol), (triisopropylsilyl)ethynyl bromide 2 (0.15 mmol),
Pd(OAc), (10 mol%), ligand (20 mol%), Cu(OAc), (2 equiv), toluene (1 mL), 80 °C, 5 h. b
The yield was determined by 'H NMR analysis of the crude product using
dibromomethane as the internal standard. “Yield of isolated product.

We have optimized the reaction conditions by performing
extensive screening of Pd sources, mol% of catalyst, ligands,
oxidants, temperature, and time to obtain the
optimum vyield of 3a (see ESI). After extensive screening,

solvent,

toluene was found to be the optimal solvent as it suppressed
the homocoupling of 2 and a combination of Pd(OAc), and
neocuproine (nc) L11 were found to be more appropriate for
this transformation and increased the yield (up to 49%) under
standard conditions. It is important to note that, by using the
pre-formed neocuproine palladium complex [(nc)Pd(OAc),] C2,
the yield of 3a was increased to 75% (Table 2). A well-defined
bathocuproine derived Pd(ll)-complex €4 also showed
comparable reactivity and yielded 3a in 67%. However, the
reaction did not proceed in the absence of Cu(OAc),.

2| J. Name., 2012, 00, 1-3

Table 2. Screening of well-defined Pd(ll)-complexes for C(sp?)-alkynylation of
la.”

TIPS
H Z
Cat. (10 mol%)
N Cu(OAc), (2 equiv) Ny
| + TIPS Br ——
= Toluene, 80 °C, 5 h =
1a 2 3a
Ph, Ph Ph Ph
7 N\ 7N/ N\
=N_ N= =N N=
P Me _Pd Me
AcO" “OAc AcO” “OAc
c3 c4

67% (49%)!°!

75% (66%)I!
“ Reaction conditions: 1a (0.1 mmol), 2 (0.15 mmol), catalyst (10 mol%), Cu(OAc), (2
equiv), toluene (1 mL), 80 °C, 5 h. "The yield was determined by 'H NMR analysis of the
crude product using dibromomethane as the internal standard. ¢ Yield of isolated

21% 23%

product.

Table 3. Scope studies of C(sp®)-alkynylation of 1.%0

TIPS Me
H Z o
€2 (10 mol%) 3 2N Ohc
SNy TIPS Br (2) SN : Pd_
R R 1 R NN TOAe
PNF Cu(OAc), (2 equiv) NF bl
1 Toluene, 80 °C 3 ! Me
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, €2 .
TIPS TIPS TIPS TIPS
= =Z = Z
N N N N
N N AN N
= = = =
OMe NMe, CHg
3a 3b 3c 3d
66% (17%), 5 h 80%, 8 h 83%, 8h 71%, 8h
TIPS TIPS TIPS TIPS
Z Z Z Z
N N N N
N N N >
= = = =
- F Br CF,
Ph 3e 3g 3h
76%, 6h 59% (29%), 8h 61% (30%), 8h 48% (37%), 16h
TIPS TIPS TIPS TIPS
Z Z Z Z
N HasC N F. Ny
= 4 =
NO,

1
52% (39%), 16h

3
78% (15%), 14hlc]

3k
81% (11%), 14hle!

3l
84% (11%), 12hlc]

TIPS TIPS TIPS TIPS
Z = =z =z
Ny N Ng Ny
=
HaC Z cl Z COLE
cl
3n

3m
70% (30%), 8h

66% (31%), 10h

81% (11%), 8hlel

74% (15%), 8hle!

“ Reaction conditions: 1a (0.1 mmol), 2 (0.15 mmol), complex €2 (10 mol%), Cu(OAc); (2
equiv) and toluene (1 mL) in a 10 mL screw-capped viol were heated at 80 °C for
specified time. ® Yields of isolated products and yields in parentheses are based upon

recovered starting material. 25 mol% of complex €2 was used.

With the optimized reaction conditions in hand, we next

explored the scope of the reaction. As shown in Table 3,
C(sp3)—H alkynylation proceeded at 80 °C in good to excellent

This journal is © The Royal Society of Chemistry 20xx
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yields with a variety of electronically diverse substrates. In all
cases, a well-defined palladium complex [(nc)Pd(OAc),] (10
mol%), and oxidant Cu(OAc), (2 equiv) were used to achieve
excellent yields. From the data in Table 3, we have observed
the following trends in the C(sp3)-H alkynylation reaction: i)
Different substituents on the quinoline moiety were
compatible with the alkynylation. Electron-donating groups
proceeded smoothly to provide corresponding C(sp3)-
alkynylated products 3b, 3c, and 3e in 80%, 83% and 76%
isolated vyields respectively, wherein electron-withdrawing
groups were found to decrease the yields (48% of 3h and 52%
of 3i respectively). ii) It is noteworthy that halide substituents
were tolerated (3f-3g, 3k-3I, and 3n-3p), as this is
advantageous for further synthetic elaborations with
transition-metal catalysis thereby broadening the diversity of
the products. iii) The position of the substituents on the
quinoline moiety played a vital role and thus 5-substituted
substrates worked slightly better than 6-substituted
substrates. In case of 7-substituted 8-methylquinolines (3j-3I)
higher yield of alkynylated product (78% of 3j, 81% of 3k, and
84% of 3l) was obtained by using 25 mol% of catalyst. A
multisubstituted ethyl 4-chloro-8-methylquinoline-3-
carboxylate (3p) also gave desired alkynylated product.
Notably, 2,4-dimethyl-8-methylquinoline (1q, Scheme 2e)
showed no reaction probably due to steric reasons. In most
cases, the unreacted starting materials were recovered.™

TIPS
D (0%) Z
€2 (10 mol%)
TIPS TPS—="8r(2) _ N Ny
(@) +
Cu(OAc)2 (2 equiv) = =
MeOH-d,, 80°C,5h  1a (75%) 3a (11%)
TIPS TIPS
H = Z
€2 (5 mol%)
Ny Tes Br (2) AN NS
(b) + _— 5 +
Cu(OAC); (2 equiv) = Z
CFs Toluene, 80 °C, 2 h OMe CFs
1h 3b 3h
3b:3h = 23:1
TIPS
FZ
C2 (10 mol%) N
TIPS Br (2
© o J o >@<
Cu(OAc); (2 equiv) Z N
Toluene, 80 °C, 5 h .
OMe O~
TEMPO (1 equiv) TStps
3b (not detected)
(47%)
TIPS
A TIPS———Br (2 =Z
2 equiv
@ Pd>7 N
Toluene, 80°C, 8 h N
X =
4 3a (58%)
€2 (5 mol%)

Cu(OAc); (2 equiv)
Toluene, 80 °C, 5 h

H

19 Me
Scheme 2. Mechanistic studies on C(sp )-alkynylation reaction.

To shed some light on the mechanism of this ligand enabled
C(spg)-alkynylation reaction, a series of control experiments,
deuterium-labeling, radical trapping studies were performed.11
When the reaction was carried out under standard condition in

This journal is © The Royal Society of Chemistry 20xx

MeOH-d, at 80 °C for 5 hrs (Scheme 2a), no deuteration of the
methyl C-H bonds was observed in the recovered 1a, indicating
that the C(sp3)-H bond activation is irreversible, whereas it was
found to be reversible in rhodium(lll)-catalyzed alkenylation of
8-methylquinolines with aIkynes.8u Competition experiment
was used to determine the preference of the reaction for
electronically different 8-methylquinoline compounds (Scheme
2b). When 5-methoxy-8-methylquinoline (1b) was used in
competition with 8-methyl-5-(trifluoromethyl)quinoline (1h),
the electron-donating group was preferentially alkynylated
(3b/3h: ~23:1). These findings clearly confirmed that the
acidity of the C(sp3)-H bond being cleaved is trivial in the C-H
activation and similar trend was observed in previously
reported palladium-catalyzed ortho-alkynylation of aromatic
C(spz)-H bonds.*° Additionally, we performed a radical
trapping experiment to know whether a single electron
transfer (SET) was involved in this reaction. Hence, performing
the reaction in the presence of the radical scavenger 2,2,6,6-
tetramethyl-1-piperidinyloxy = (TEMPO) under  standard
conditions, the reaction was not completely inhibited and no
O-alkynylated-TEMPO product was detected, suggesting that
the reaction does not involve SET mechanism. However, an
Pd-catalyzed
transformations involving binuclear Pd(lll) species that does
not involve free radicals is also possible.13 Stoichiometric
reaction of preformed palladacycle(ll) of 8-methylquinoline (4)
with 0.5 equiv of 2 in the absence of oxidant selectively yielded
3a (58%), indicating that the pd"" pathway may be operative
for this alkynylation reaction.™

alternative mechanism for oxidative

TIPS N2
N
Me N/ A
3a [ /N//,,‘P".uOAc
=N~ onc HsC
Me 1a
c2
‘\ HIARS e on
/ o C —l (3
i \Iv SN LN
= N/‘ i \/N O |
Mex\Tlps Me ofb
(X = Br OAc)

trans-effect
\\ TIPS

/N,MeH )+ oAc = N
= N \ \N‘ \\\\
Me Br N

——Br

Scheme 3. A plausible mechanism for the C(sp?)-alkynylation of 1a with 2 catalyzed by
c2.

. . 1c12
Based on above experimental results and literature reports, " we

postulate that this Pd-catalyzed C(spa)-alkynylation reaction
proceeds through a C-H palladation/coupling sequence and that a
pd"" manifold is operative and a plausible mechanism is shown in
Scheme 3. As shown in Scheme 3, the coordination of the 8-
methylquinoline 1a to the Pd(Il)-complex C2 followed by a
cyclopalladation lead to the intermediate 6. The oxidative addition

J. Name., 2013, 00, 1-3 | 3
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of (triisopropylsilyl)ethynyl bromide 2" |ead to the formation of

the hypervalent Pd™ intermediate 7. The intermediate 7 may
reassembled due to strong trans-effect of bi-dentate pyridyl Iigand16
(neocuproine) leading to 8 followed by a reductive elimination gives
3a with the regeneration of the active pd™ species.

In conclusion, we have reported the fist example of ligand-enabled
C(sps)—alkynylation of 8-methylquinolines with  TIPS-alkynyl
bromide. The reaction is catalyzed by the well-defined Pd(lI)-
complexes and proceed efficiently under mild conditions. The
present C(sps)-C(sp) bond forming reaction has a broad substrate
scope as well as functional group tolerance. Further studies to
explore catalytic application of well-defined Pd(ll)-complexes for
other C-H activation reactions, and detailed mechanistic studies to
understand significant role of ligand are under progress.

This research was supported by the SERB (SB/FT/CS-065/2013) and
CSIR-NCL. V. G. Landge, S .P. Midya, M. K. Sahoo thanks to CSIR and
G. Jaiswal thanks to UGC for fellowship. Central NMR facility and
GC-MS facility (Organic Chemistry Division, NCL) are greatly
acknowledged.

Notes and references

1 Selected recent reviews on C(spa)-H activation, see: a) R. Jazzar, J.
Hitce, A. Renaudat, J. Sofack-Kreutzer, O. Baudoin, Chem. Eur. J.
2010, 16, 2654; b) M. Wasa, K. M. Engle, J.-Q. Yu, Isr. J. Chem. 2010,
50, 605; c) O. Baudoin, Chem. Soc. Rev. 2011, 40, 4902; d) H. Li, B.-J
Lia, Z.-J. Shi, Catal. Sci. Technol. 2011, 1, 191; e) T.-S. Mei, L. Kou, S.
Ma, K. M. Engle, J.-Q. Yu, Synthesis 2012, 44, 1778; f) N.
Dastbaravardeh, M. Christakakou, M. Haider, M. Schnurch, Synthesis
2014, 46, 1421; g) G. Qiua, J. Wu. Org. Chem. Front. 2015, 2, 169.

2 a)M. Wasa, K. M. Engle, J.-Q. Yu, J. Am. Chem. Soc. 2009, 131, 9886;
b) M. Wasa, K. S. L. Chan, X.-G. Zhang, J. He, M. Miura, J.-Q. Yu, J.
Am. Chem. Soc. 2012, 134, 18570; c) J. He, M. Wasa, K. S. L Chan, J.-
Q. Yu, J. Am. Chem. Soc. 2013, 135, 3387; d) J. He, S. Li, Y. Deng, H.
Fu, B. N. Laforteza, J. E. Spangler, A. Homs, J.-Q. Yu, Science 2014,
343, 1216; e) K. S. L. Chan, M. Wasa, L. Chu, B. N. Laforteza, M.
Miura, J.-Q. Yu, Nature. Chem. 2014, 6, 146 f) J. He, R. Takise, H. Fu,
J.-Q Yu, J. Am. Chem. Soc. 2015, 137, 4618.

3 a) F. Diederich, P. J. Stang, R. R. Tykwinski, in Acetylene Chemistry,
Wiley-VCH, Weinheim, 2005. For a review of alkyne metathesis, see: b)
W. Zhang, J. S. Moore, Adv. Synth. Catal. 2007, 349, 93. For a review
of cycloisomerization using alkynes, see: c) S. |. Lee, N. Chatani, Chem.
Commun. 2009, 371. For a themed issue on click chemistry, see: d) M.
G. Finn, V. V. Fokin, Chem. Soc. Rev. 2010, 39, 1231.

4 S. Toyota, Chem. Rev. 2010, 110, 5398.

5  For minireviews, see: a) A. S. Dudnik, V. Gevorgyan, Angew. Chem. Int.
Ed. 2010, 49, 2096; b) S. Messaoudi, J.-D. Brion, M. Alami, Eur. J. Org.
Chem. 2010, 6495.

6 a) K. Kobayashi, M. Arisawa, M. Yamaguchi, J. Am. Chem. Soc. 2002,
124, 8528; b) R. Amemiya, A. Fujii, M. Yamaguchi, Tetrahedron Lett.
2004, 45, 4333; c) |. V. Seregin, V. Ryabova, V. Gevorgyan, J. Am.
Chem. Soc. 2007, 129, 7742; d) Y. Gu, X. Wang, Tetrahedron Lett.
2009, 50, 763; e) M. Tobisu, Y. Ano, N. Chatani, Org. Lett. 2009, 11,
3250; f) A. Rodriguez, R. V. Fennessy, W. J. Moran, Tetrahedron Lett.
2009, 50, 3942; g) F. Besseliévre, S. Piguel, Angew. Chem. Int. Ed.
2009, 48, 9553; h) N. Matsuyama, K. Hirano, T. Satoh, M. Miura, Org.
Lett. 2009, 11, 4156; i) J. P. Brand, J. Charpentier, J. Waser, Angew.
Chem. Int. Ed. 2009, 48, 9346; j) S. H. Kim, S. Chang, Org. Lett. 2010,
12, 1868; k) Y. Wei, H. Zhao, J. Kan, W. Su, M. Hong, J. Am. Chem.
Soc. 2010, 132, 2522; 1) T. Haro, C. Nevado, J. Am. Chem. Soc. 2010,
132, 1512; m) L. Yang, L. Zhao, C.-J. Li, Chem. Commun. 2010, 46,
4184; n) S. H. Kim, J. Yoon, S. Chang, Org. Lett. 2011, 13, 1474; o) Y.
Ano, M. Tobisu, N. Chatani, Org. Lett. 2012, 14, 354; p) F. Shibahara,
Y. Dohke, T. Murai, J. Org. Chem. 2012, 77, 5381; q) S. H. Kim, S. H.

4| J. Name., 2012, 00, 1-3

11
12

Park, S. Chang, Tetrahedron 2012, 68, 5162; r) J. P. Brand, J. Waser,
Chem. Soc. Rev. 2012, 41, 4165; s) S. Ding, Y. Yan, N. Jiao, Chem.
Commun. 2013, 49, 4250; t) X. Jie, Y. Shang, P. Hu, W. Su, Angew.
Chem. Int. Ed. 2013, 52, 3630; u) Y.-J. Liu, Y.-H. Liu, S.-Y. Yan, B,-F.
Shi, Chem. Commun. 2015, 51, 6388.

Y. Ano, M. Tobisu, N. Chatani, J. Am. Chem. Soc. 2011, 133, 12984.

a) A. R. Dick, K. L. Hull, M. S. Sanford, J. Am. Chem. Soc. 2004, 126,
2300; b) F. Kakiuchi, K. Tsuchiya, M. Matsumoto, E. Mizushima, N.
Chatani, J. Am. Chem. Soc. 2004, 126, 12792; c) D. Kalyani, N. R.
Deprez, L. V. Desai, M. S. Sanford, J. Am. Chem. Soc. 2005, 127,
7330; d) D. Shabashov, O. Daugulis, Org. Lett. 2005, 7, 3657; e) A. R.
Dick, J. W. Kampf, M. S. Sanford, Organometallics 2005, 24, 482; f) K.
L. Hull, W. Q. Anani, M. S. Sanford, J. Am. Chem. Soc. 2006, 128,
7134; g) H.-Y. Thu, W.-Y. Yu, C.-M. Che, J. Am. Chem. Soc. 2006, 128,
9048; h) X. Chen, C. E. Goodhue, J.-Q. Yu, J. Am. Chem. Soc. 2006,
128, 12634; i) E. W. Kalberer, S. R. Whitfield, M. S. Sanford, J. Mol.
Catal. A 2006, 251, 108; j) K. L. Hull, M. S. Sanford, J. Am. Chem. Soc.
2007, 129, 11904; k) J. Zhang, E. Khaskin, N. P. Anderson, P. Y.
Zavalij, A. N. Vedernikov, Chem. Commun. 2008, 3625; 1) W.-Y. Yu, W.
N. Sit, K.-M. Lai, Z.-Y. Zhou, A. S. C. Chan, J. Am.Chem. Soc. 2008,
130, 3304; m) M. Kim, J. Kwak, S. Chang, Angew. Chem. Int. Ed. 2009,
48, 8935; n) W.-Y. Yu, W. N. Sit, Z. Zhou, A. S. C. Chan, Org. Lett.
2009, 11, 3174; 0) S. Zhang, F. Luo, W. Wang, X. Jia, M. Hu, J. Cheng,
Tetrahedron Lett. 2010, 51, 3317; p) L. T. Pilarski, P. G. Janson, K. J.
Szabo, J. Org. Chem. 2011, 76, 1503; q) A. Iglesias, R. Alvarez, A, R.
de Lera, K. Muhiz, Angew. Chem. Int. Ed. 2012, 51, 2225; r) K. J.
Stowers, A. Kubota, M. S. Sanford, Chem. Sci. 2012, 3, 3192; s) K. B.
McMurtrey, J. M. Racowski, M. S. Sanford, Org. Lett. 2012, 14, 4094; t)
D. Wang, P. Y. Zavalij, A. N. Vederikov, Organometallics 2013, 32,
4882; u) B. Liu, T. Zhou, B. Li, S. Xu, H. Song, B. Wang. Angew. Chem.
Int. Ed. 2014, 53, 4191.

P. Evans, P. Hogg, R. Grigg, M. Nurnabi, J. Hinsley, V. Sridharan, S.
Suganthan, S. Korn, S. Collard, J. E. Muir, Tetrahedron 2005, 61, 9696.
In the reaction of 1a with 2 catalyzed by C2, at prolonged heating (10 h
at 120 °C) formation of 8-(bromomethyl)quinoline (15%) and quinolin-8-
ylmethyl acetate (7%) along with 3a (37%) were also observed. These
results indicating that direct nucleophilic substitution at the electrophilic
carbon is also operative (under higher temperature) and thus leads to
C-X bond formation (X = Br, OAc). Also see ref. 8q.

See Supporting Information for details.

For other proposals of Pd-catalyzed ligand-directed C-H activation via a
pd" mechanism, see: (a) V. G. Zaitsev, D. Shabashov, O. Daugulis, J.
Am. Chem. Soc. 2005, 127, 13154; b) R. Giri, N. Maugel, J. J. Li, D. H.
Wang, S. P. Breazzano, L. B. Saunders, J.-Q. Yu, J. Am. Chem. Soc.
2007, 129, 3510; c) H. A. Chiong, Q. N. Pham, O. Daugulis, J. Am.
Chem. Soc. 2007, 129, 9879; d). K. M. Engle, T,-S. Mei, X. Wang, J.-Q.
Yu, Angew. Chem. Int. Ed. 2011, 50, 1478; e) Q. Gou, Z.-F. Zhang, Z.-
C. Liu, J. Qin, J. Org. Chem. 2015, 80, 3176; f) A. K. Cook, M. S.
Sanford, J. Am. Chem. Soc. 2015, 137, 3109; g) J. J. Topczewski, M. S.
Sanford, Chem. Sci. 2015, 6, 70.

a) D. C. Powers, T. Ritter, Nature. Chem. 2009, 1, 302; b) D. C. Powers,
T. Ritter, Acc. Chem. Res. 2012, 45, 840.

The use of Cu(OAc), as an oxidant is important and responsible for the
Pd(I1)-Pd(IV) oxidation since the TIPS-alkynyl bromide probably is not
enough oxidising to do that (Scheme 3). Moreover, as suggested it also
acts as an additive (e.g., a base responsible for binding HBr and as an
acetate source) in the catalyst regeneration step. Thus, we can hardly
believe that Cu(OAc), acts as both an additive and an oxidant.

Other less hindered alkynyl halides (1-iodo-2-(trimethylsilyl)acetylene
and (bromoethynyl)benzene) were not reactive, presumably a strong
coordination of the alkyne moiety with the palladium center and thus
may prevent the oxidative addition step (also see ref. 2c).

a) B. J. Coe, S. J. Glenwright, Coord. Chem. Rev. 2000, 203, 5; b) M.
Ye, G.-L. Gao, J.-Q. Yu, J. Am. Chem. Soc. 2011, 133, 6964; c) M. Ye,
G.-L. Gao, A. J. F. Edmunds, P. A. Worthington, J. A. Morris, J.-Q. Yu,
J. Am. Chem. Soc. 2011, 133, 19090.

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 5



Page 5 of 5 Dalton Transactions

Table of Contents (TOC)

The first example of ligand-enabled C(sp’)-H alkynylation of 8-methylquinoline is reported.
The reaction is catalysed by the well-defined Pd(II)-complexes. The present C(sp’)-
alkynylation has a broad substrate scope as well as functional group tolerance and proceed

under mild conditions.

TIPS
H =Z
N N
A L Cat. 10 mol% N
R —R' + TIPS———Br R—— —R!
NF Cu(OAc), (2 equiv) NG
Toluene, 80 °C
X Me - molecularly defined Pd(Il)-complex
| _ N\ /OAC - ligand-enabled
Pd - broad substrate scope
= N/ SoAc - functional group tolerance
. | - operates at low-temperature
Me _ Pd(ll/IV) pathway
Cat.




